SUMMARY It has been claimed that Rowachol, a proprietary choleretic, is occasionally successful in the treatment of gallstones. In gallstone patients we have examined its effect on the lipid composition of (1) samples of fasting gall bladder bile obtained at the time of cholecystectomy, and (2) T-tube bile on the tenth post-operative day. In a dose of two capsules, three times a day for only 48 hours, Rowachol significantly lowered the cholesterol solubility of both gall bladder (p < 0001) and T-tube bile (p < 005). Rowachol in a dose of one capsule three times a day for 48 hours did not alter bile composition, while four capsules four times a day for a similar period caused a significant (p < 0-05) deterioration in biliary lipid composition. The possible mechanisms of action of Rowachol and their therapeutic implications are discussed.
The bile of patients with cholesterol gallstones is frequently saturated with cholesterol (Admirand and Small, 1968) . It has been shown that chenodeoxycholic acid (CDCA) enhances the cholesterol solubility of human bile and in suitable patients promotes dissolution of cholesterol gallstones (Bell et al., 1972; Danzinger et al., 1972; Thistle and Hofmann, 1973; Iser et al., 1975; Thistle et al., 1978) . One of the major disadvantages of CDCA therapy is the fact that the patient with large gallstones (greater than 1 cm in diameter) may need to take the drug for several years before successful dissolution is observed radiologically (Dowling, 1977) . Several possible adjuncts to CDCA therapy have been suggested including phenobarbitone (Coyne et al., 1975) , P sitosterol (Gerolami and Sarles, 1975; Maudgal et al., 1977; Begemann et al., 1978; Thistle et al., 1978) , choline (Thistle et al., 1978) , and a low cholesterol diet (Maudgal et al., 1977) . None of these 'adjuvants' has yet been shown actually to accelerate the speed of gallstone dissolution (Thistle et al., 1978) and so the search for safe and effective alternatives and/or adjuvants to CDCA continues.
Rowachol2 is a proprietary choleretic consisting of six cyclic monoterpenes ( Fig. 1) , all derived from ' Presented in part at the York Meeting of the British Society of Gastroenterology, September 1977 (Gut (1977) 18, A.977).
'Rowa Ltd, Bantry, Co. Cork, Eire.
Received for publication 2 November 1978 purified plant essential oils-for example, 1-menthol from Mentha piperidis, the peppermint plant or 1-cineol from eucalyptus leaves. This particular combination of terpenes was chosen by the manufacturer because, in the rat, it was shown to have a larger and more sustained choleretic effect than equimolar quantities of any of its individual constituents (Morsdorf, 1966) . This agent has been extensively marketed in Europe for over 25 years, and is freely available on prescription in the United Kingdom. There have been a number of papers in the German (Blumenberg, 1957) , Japanese (Kameda, 1960; Okabe, 1960; Noda et al., 1965) , and English (Hordinsky, 1971 (Hordinsky, , 1973 literature reporting that prolonged courses of Rowachol treatment have resulted in successful dissolution of patients' gallstones. In the above papers the only reported side-effect was of a peppermint or camphor taste after eructation. Since this preparation seemed, therefore, to be substantially free from side-effects, we felt that any claims of efficacy deserved careful consideration. Several of the terpenes in Rowacholfor example, menthol, menthone, pinene-have long been shown to be excellent cholesterol solvents in vitro, and indeed the structurally related terpene, d-limonene, has recently been advocated as an agent for dissolving retained common duct stones (Igimi et al., 1976) . However, it is unlikely that significant amounts of these compounds appear in bile because of their relatively low molecular weight (Smith, Forty-nine patients undergoing elective cholecystectomy were studied. All had radiolucent stones in functioning gall bladders. Twenty received no medication before surgery and acted as controls, while the other 29 were given Rowachol for 48 hours before operation. Three different doses of Rowachol were used---one capsule tds (nine patients); two capsules tds (12 patients); and four capsules qds (eight patients). The groups were not formally matched, but were comparable for age, weight, and sex distribution. Gall bladder bile was obtained by needle aspiration at the time of operation.
ANALYSIS OF BILE SAMPLES
Biliary bile acid concentration was measured enzymatically using 3ohydroxysteroid dehydrogenase (Talalay, 1960) . Phospholipids were determined using the method of Bartlett (1959) , while cholesterol was assayed using a modification of the method of Carr and Drekter (1956) Fig. 2 . During the first hour of collection the bile from the treated patients was significantly less saturated with cholesterol than was the bile from the controls. After 60 minutes the bile from both groups began to be more saturated, as the bile salt pool was being depleted, and the differences between the groups were no longer as marked. receiving a dose of two capsules tds the cholesterol saturation index was 0 900 + 0-51, which is significantly lower than the controls (p < 0-001). Nine of the 12 patients in this group had bile that was less than saturated with cholesterol. In contrast, the cholesterol saturation index of 1-743 + 0262 found in the patients given the largest dose was significantly higher than that of the controls (P < 0-05).
Discussion
The results of this study show that Rowachol, in a dose of two capsules three times a day for 48 hours, significantly enhances the cholesterol solubility of human T-tube and gall bladder bile. In most previous series, gallstone patients treated with Rowachol (Blumenberg, 1957; Kameda, 1960; Okabe, 1960; Noda et al., 1955; Hordinsky, 1971 Hordinsky, , 1973 received the preparation in liquid form in daily doses equivalent to only two to four of the enteric-coated capsules employed in the present study. It can be seen from our own study that one capsule of Rowachol three times a day for 48 hours failed to alter bile composition. It is possible therefore that the low gallstone dissolution rates reported in some series (Hordinsky, 1971 ) may simply reflect the fact that the dose employed was too small. D-limonene (p-mentha-1,8-diene) occurs as a major component of the essential oils of citrus fruits. It is a monoterpene structurally similar to several of the terpenes in Rowachol. Kodama et al. (1976) have recently shown that in the rat d-limonene decreased the ratio of biliary bile salts and phospholipids to cholesterol, while, on the other hand, one of its major metabolites, p-menth-lene-8,9-diol, significantly increased the same ratio. It is possible that some of the terpenes in Rowachol (or their metabolites) favourably influence biliary lipid composition, while others, like d-limonene itself, cause a deterioration. This could possibly explain why the largest dose of Rowachol (four capsules qds) caused an increase in the cholesterol saturation of bile, while the lower dose decreased it.
Measurement of the rate limiting enzymes of hepatic cholesterol (HMGCoA Reductase) and bile acid synthesis (cholesterol 70xhydroxylase) in the microsomal fraction of liver from patients with cholesterol gallstones has shown increased HMGCoA reductase activity and diminished 7othydroxylase activity (Nicolau et al., 1974a (Nicolau et al., , 1974b Salen et al., 1975) . It has recently been shown that cholesterol secretion into bile is correlated with HMGCoA reductase levels in the liver (Key et al., 1977) . CDCA and the structurally related bile acid ursodeoxycholic acid enhance the cholesterol solubility of human bile and promote cholesterol gallstone dissolution by depressing hepatic HMGCoA reductase (Coyne et al., 1976; Maton et al., 1977) . In, our T-tube patients Rowachol increased bille salt and slightly decreased cholesterol output. Similar findings have previously been reported in the rat (Morsdorf and Wolf, 1966) . We have shown that this terpene preparation significantly depressed hepatic HMGCoA reductase levels in the rat (Bell et al., 1 978b) . We are currently investigating all the individual terpene constituents of Rowachol to, determine, in the rat, how much each one contributes to this effect. Having determined the 'active' ingredient(s) of this terpene preparation in the rat, we then intend to carry out a formal dose response study in man.
Despite its complex composition we chose to use Rowachol in the present pilot study because it was (1) readily available in the United Kingdom; (2) known to be safe when given for prolonged periods, and (3) had previously been shown occasionally to dissolve patients' gallstones (Blumenberg, 1957; Kameda, 1960; Okabe, 1960; Noda et al., 1965; Hordinsky, 1971 Hordinsky, , 1973 . We ourselves have now treated 27 patients with radiolucent gallstones for periods of six to 12 months. We already have radiological evidence of gallstone dissolution/ disappearance in seven of the patients taking the terpene preparation. The drug was well tolerated by the patients and no evidence of hepatotoxicity emerged (Bell et al., 1978b) .
It is known that certain terpenes such as cineol (eucalyptol) and of pinene are potent hepatic microsomal enzyme inducers (Jori et al., 1972) . It is perhaps not surprising therefore to find that Rowachol itself significantly (p < 0O01) increased urinary D-glucaric acid excretion when given to patients in a dose of two capsules tds for six weeks (Bell et al., 1978c) . We are currently investigating the effect of this terpene preparation on a series of hepatic microsomal enzymes including cholesterol 7cx-hydroxylase, as at the present time we have no good explanation for the increased bile salt secretion observed either in our own study or the previous one of Morsdorf and Wolf (1966) .
Previous studies in the rat (Traissac et al., 1963; M6rsdorf, 1966; M6rsdorf and Wolf, 1966) and in man (Traissac, et al., 1963; Hordinsky, 1973) have shown Rowachol to be a potent choleretic. M6rsdorf (1966) showed that menthol and borneol were the most potent choleretics in Rowachol. The choleresis produced by these terpenes and also others such as d-limonene (Kodama et al., 1976 ) is dose-related. In the present study no obvious choleretic effect was noted. This may be because (1) the last dose was at least 12 hours before the start of the experiment, and (2) the dose used (in mg/kg body weight) was relatively small.
We conclude that the terpene preparation, Rowachol, its individual constituents, and possibly other related compounds merit further investigation as possible cholelitholytic agents. 
